Introduction {#Sec1}
============

Humans are the only fully upright walking vertebrates, and unique anatomical features of the human spine and pelvis have evolved to maintain upright posture and balance \[[@CR1], [@CR2]\]. These include the cervical lordosis, thoracic kyphosis, and lumbar lordosis \[[@CR2]\]. However, excessive stresses concentrated on the spine can influence these curves and initiate degeneration and deformity \[[@CR3], [@CR4]\]. In addition, the pelvis can rotate around the femoral heads, which serve as junctions at which the thoracic-lumbar load is transferred to the lower limbs, and excessive shoulder loading from the spine can result in spino-pelvis imbalance, especially in the sagittal plane \[[@CR5], [@CR6]\].

Spino-pelvic sagittal balance can be assessed by a series of different parameters including thoracic kyphosis (TK), lumbar lordosis (LL), thoracolumbar kyphosis (TLK), T9 sagittal offset (T9SO), T1 sagittal offset (T1SO), sacral slope (SS), pelvic incidence (PI), pelvic tilt (PT), C7 tilt (C7T), spino-pelvic angle (SSA), and sagittal vertical axis (SVA) \[[@CR6]--[@CR10]\]. These are shown in Fig. [1](#Fig1){ref-type="fig"}. Several studies have evaluated these spino-pelvic parameters in asymptomatic adults, in European and American Caucasian populations. PI, PT, and SS are similar between females and males, and PI is not related to age, while correlations between other parameters and age are small \[[@CR11]\]. Barrey et al. suggested that pelvis shape may influence lumbar degenerative disease and proposed a spinal alignment classification, based on the PI, in normal and pathologic conditions \[[@CR12]\]. Vialle et al. measured sagittal radiographs of 300 asymptomatic volunteers and suggested that T9 sagittal offset should be taken into account before surgical treatment because it reflects the sagittal balance of the spine \[[@CR8]\]. T9SO is determined by three factors: a linear combination of pelvic incidence, sacral slope, and maximum lumbar lordosis; the thoracic kyphosis; and the pelvic tilt \[[@CR8]\]. Recently, Zhu et al. reported sagittal alignment norms in asymptomatic Chinese adults and showed obvious variations between populations with different ethnicity \[[@CR9]\]. Several studies presented a strong correlation between SS and the global angle of lordosis. When SS is tilted, the lumbar curvature is high; and contrarily, when SS is rather horizontal, lumbar curvature is flat \[[@CR12]--[@CR14]\]. Fig. 1The measuring method of spino-pelvic parameters. TK thoracic kyphosis, LL lumbar lordosis, TLK thoracolumbar kyphosis, T9SO T9 sagittal offset, T1SO T1 sagittal offset, SS sacral slope, PI pelvic incidence, PT pelvic tilt, C7T C7 tilt, SSA spino-pelvic angle, SVA sagittal vertical axis

Little is known, however, about the influence of long-term shoulder physical loading on sagittal parameters, either in Caucasian or Chinese populations. It might be expected that prolonged stooping would increase thoracic kyphosis, for example, or that prolonged upright posture would increase lumbar lordosis, but these possibilities remain to be explored.

China is a traditional agricultural country and farmers occupy the majority of the population. Before the reform and opening up policy of China, many farmers engaged in heavy physical activity from an early age in order to make a living for their whole families, and then kept working until they were too old to continue. With the recent improvement in living standards and development of medical technology, farmers' life expectancy has been prolonged, and now many farmers seek medical help for spinal deformities and scoliosis. Spino-pelvic degeneration and deformity are very common among farmers, and long-term shoulder loading appears to be an important cause \[[@CR15]\]. The present study aims to evaluate the physical condition of the elderly, especially old farmers, and identify any association between long-term shoulder loading and spino-pelvic morphology in the sagittal plane from radiology evidences.

Methods {#Sec2}
=======

Subjects {#Sec3}
--------

The study was reviewed and approved by the institutional review board and the ethics committee of our institution. Patients or their family members agreed to our study and signed the informed consents. We retrospectively reviewed 874 back pain patients who attended outpatient and inpatient departments of two hospitals from January 2016 to December 2018, and who had long, standing lateral X-rays. The inclusion criteria of the subjects were as follows: (1) aged \> 50 years, (2) history of back pain \> 3 consecutive months, (3) having complete demographic and clinical data, and (4) occupation was farmer or office worker. Exclusion criteria of the subjects were as follows: (1) history of spinal trauma, fracture, tumors, sacroiliac joint diseases or deformity; (2) adolescent idiopathic scoliosis; and (3) history of lumbar spine or pelvis surgery. A total of 463 subjects were reviewed in this study. One hundred eighty-four of them were farmers with a long history of heavy shoulder loading for over 20 years in their young age, while others were office workers with no reported long-term shoulder loading history.

Clinical data {#Sec4}
-------------

Demographic and clinical data were reviewed, including age, gender, height, weight, bone mineral density (BMD), and occupation history. All the data were collected by two residents from medical records or by telephone. For radiography, subjects were instructed to stand in a comfortable position, with the hips and knees fully extended \[[@CR16]\]. Arms were flexed with the hands resting on supports at the level of their shoulders \[[@CR16]\]. All radiographs were obtained in digital format. Parameters related to sagittal alignments were measured three times independently by a post-graduate student, a resident orthopedic surgeon, and a senior orthopedic surgeon, using Image J (Bio-Rad, Hercules, CA, USA). These investigators were blinded to patient information. Each parameter was measured by each of the three researchers, and an average value was calculated. BMD was indicated by a T score.

Radiographic parameters {#Sec5}
-----------------------

The following sagittal parameters of spine and pelvis were evaluated on each long, standing lateral X-ray: thoracic kyphosis (TK), lumbar lordosis (LL), thoracolumbar kyphosis (TLK), T9 sagittal offset (T9SO), T1 sagittal offset (T1SO), sacral slope (SS), pelvic incidence (PI), pelvic tilt (PT), C7 tilt (C7T), spino-pelvic angle (SSA), and sagittal vertical axis (SVA). TK was measured as the angle between the upper end plate of T5 and the lower end plate of T12 (Fig. [1](#Fig1){ref-type="fig"}) \[[@CR17]\]. LL was measured as the angle between the two lines through the superior end plate of L1 and S1, respectively \[[@CR17]\]. TLK was measured as the angle between the upper end plate of T10 and the lower end plate of L2 \[[@CR17]\]. For T1SO, we drew a straight line through the midpoint of the T1 vertebral body and the middle point of the line of two femoral heads; then T1SO was defined as the angle between this straight line and the vertical \[[@CR8]\]. T9SO was similarly defined in relation to the straight line through the midpoint of the T9 vertebral body \[[@CR8]\]. SS was defined as the angle formed between the superior end plate of S1 and the horizontal plane \[[@CR17]\]. PT was defined as the angle between the vertical and a straight line joining the centers of the femoral heads and the center of the superior end plate of S1 \[[@CR17]\]. PI was defined as the angle between a line drawn from center of the hip axis to the center of the superior end plate of S1 and perpendicular to the end plate \[[@CR17]\]. C7T was defined as the angle formed between the horizontal plane and the line joining the center of C7 and the center of the sacral end plate \[[@CR18]\]. We drew a straight line between the midpoint of the C7 vertebral body and the midpoint of the S1 superior end plate. And the SSA was defined as the angle between the straight line and the S1 superior end plate \[[@CR18]\]. SVA was defined as the vertical distance from the posterior margin of S1 superior end plate to sagittal C7 plumb line \[[@CR19]\].

Statistical analysis {#Sec6}
--------------------

All data were described in the form of the mean value and standard deviation (SD), and analyzed using the SPSS 20.0 software (SPSS Inc., Chicago, IL). Interobserver reliability was analyzed using the kappa statistic. Numerical data were tested by the one-sample Kolmogorov-Smirnov test to determine if it was a normal distribution. The "kyphosis group" was defined as TK \> 50° and the rest were the "non-kyphosis group." Mean values of age, height, weight, BMI, BMD, and sagittal parameters were compared between the two loading groups, using independent-samples *t* tests. Gender and "kyphosis" ratios were compared using the chi-square test. Binary logistic regression was used to identify significant risk factors for kyphosis. Sub-analyses were performed for males and females. Statistical significance was set at a level of *p* \< 0.05.

Results {#Sec7}
=======

Clinical data {#Sec8}
-------------

All measurement data conform to the normal distribution. The kappa value of was 0.698\~0.834 which indicated good interobserver reliability. A total of 212 males and 251 females were enrolled in this study. Average age (SD) was 66.8 (13.3) years, height 161.2 (8.0) centimeters, weight 61.2 (10.4) kilograms, BMI 23.5 (3.2), and BMD 1.11 (0.24). The "Loading group" included 86 males and 98 females with average age 73.3 (SD 8.3) years, whereas the "Non-loading group" included 126 males and 153 females with average age 63.7 (SD 14.1) years. As shown in Table [1](#Tab1){ref-type="table"}, age and the number of patients diagnosed as kyphosis were significantly higher in the loading group (*p* \< 0.001), but gender, height, weight, BMI, and BMD were not significantly different (*p* \> 0.05). The following spino-pelvic parameters were significantly greater (*p* \< 0.05) in the loading group: TK (mean 39.1° vs 32.8°), TLK (25.8° vs 10.1°), and T9SO (12.2° vs 10.1°). Other values were not significantly different between the two groups (*p* \> 0.05). Table 1Comparison of loading and non-loading groupsOverallMaleFemaleLoadingNon-loading*p* valueLoadingNon-loading*p* valueLoadingNon-loading*p* valueNumber1842798612698153Male/female86/98126/1530.951Age73.3 ± 8.363.7 ± 14.1**0.000\*\***74.3 ± 9.263.0 ± 14.1**0.000\*\***72.5 ± 7.664.3 ± 14.1**0.000\*\***Height160.8 ± 7.8161.6 ± 8.20.566167.1 ± 6.2167.3 ± 6.50.892155.6 ± 4.4155.7 ± 4.80.932Weight59.7 ± 11.162.6 ± 9.60.09864.6 ± 11.366.6 ± 9.10.42655.5 ± 9.358.4 ± 8.30.168BMI23.0 ± 3.323.9 ± 3.000.07523.1 ± 3.423.8 ± 2.90.37622.9 ± 3.324.1 ± 3.20.113BMD1.05 ± 0.251.15 ± 0.240.0761.17 ± 0.211.24 ± 0.260.4710.95 ± 0.241.09 ± 0.20**0.040\***TK39.1 ± 17.032.8 ± 17.4**0.007\*\***41.6 ± 16.737.3 ± 15.80.18937.2 ± 17.029.5 ± 17.8**0.014\***LL40.5 ± 23.537.5 ± 22.00.30944.4 ± 23.939.5 ± 18.10.23237.6 ± 23.136.0 ± 24.40.701TLK25.8 ± 16.410.7 ± 14.0**0.005\*\***32.9 ± 9.417.1 ± 7.5**0.002\*\***18.6 ± 19.54.1 ± 15.6**0.038\***T9SO12.2 ± 5.810.1 ± 5.2**0.004\*\***10.9 ± 5.69.8 ± 4.30.26913.1 ± 5.810.3 ± 5.7**0.006\*\***T1SO4.1 ± 5.92.9 ± 5.00.0793.2 ± 6.51.7 ± 4.10.1374.8 ± 5.43.8 ± 5.40.271SS26.1 ± 12.028.4 ± 10.30.12329.2 ± 8.229.5 ± 9.20.87623.8 ± 13.827.5 ± 11.00.079PI46.1 ± 11.746.7 ± 12.20.70646.6 ± 10.646.0 ± 11.30.78145.7 ± 12.647.2 ± 12.90.501PT22.0 ± 12.319.4 ± 13.30.12319.5 ± 11.117.4 ± 10.20.33324.0 ± 13.020.8 ± 15.10.218C7T93.2 ± 8.192.4 ± 6.60.40292.4 ± 6.393.4 ± 6.00.44693.8 ± 9.291.7 ± 6.90.125SSA113.4 ± 14.5116.1 ± 14.20.152116.2 ± 10.9116.2 ± 11.50.982111.3 ± 16.5116.1 ± 15.90.091SVA41.2 ± 59.032.2 ± 59.20.24739.0 ± 62.942.1 ± 56.80.79442.9 ± 56.324.8 ± 60.20.081Kyphosis Y/N77/10766/213**0.002\*\***38/4833/93**0.046\***39/5933/120**0.019\****TK* thoracic kyphosis, *LL* lumbar lordosis, *TLK* thoracolumbar kyphosis, *T9SO* T9 sagittal offset, *T1SO* T1 sagittal offset, *SS* sacral slope, *PI* pelvic incidence, *PT* pelvic tilt, *C7T* C7 tilt, *SSA* spino-pelvic angle, *SVA* sagittal vertical axisValues are mean ± SD\*Indicates *p* value \< 0.05, \*\* indicates *p* value \< 0.01

Stratified statistics by gender {#Sec9}
-------------------------------

In males, the mean age was significantly higher in the loading group than in the non-loading group, but of all the spino-pelvic parameters, only TK was significant higher in the loading group (Table [1](#Tab1){ref-type="table"}). In females, age was also higher in the loading group, as were the following spino-pelvic parameters: TK, TLK, and T9SO. What is more, BMD in females was also significantly lower in the loading group which suggested that BMD might influence the spino-pelvic morphology in female group. The proportion of patients with "kyphosis" (TK \> 50°) was significantly higher in the loading than non-loading groups, suggesting shoulder loading might be a risk factor for kyphosis.

Analysis of kyphosis factors {#Sec10}
----------------------------

Mean age was significantly higher in the "Kyphosis" than "Non-kyphosis" group (60.7 vs 56.1 years) as shown in Table [2](#Tab2){ref-type="table"}, but other factors such as height, weight, BMI, and BMD were not significantly different. Bivariate logistic regression analysis of kyphosis diagnosis and shoulder loading suggested that shoulder loading could be an independent risk factor of kyphosis (Table [3](#Tab3){ref-type="table"}), adjusted for age. Table 2Differences between the "Non-kyphosis" and "Kyphosis" groupsNon-kyphosisKyphosis*p* valueAge (years)56.1 ± 13.760.7 ± 9.40.049\*Height161.7 ± 8.1158.1 ± 6.40.063Weight61.7 ± 10.558.3 ± 9.50.183BMI23.5 ± 3.223.4 ± 3.90.866BMD1.12 ± 0.241.05 ± 0.310.440Values are mean ± SD\*Indicates *p* value \< 0.05Table 3Bivariate logistic regression analyses to predict "Kyphosis" diagnosis from "Loading"AdjustmentOdds ratio95% confidence interval*p* valueModel 13.1761.573--6.4130.001\*\*Model 22.7741.321--5.8250.007\*\*Model 36.1231.830--20.4890.003\*\*Model 45.6001.680--18.6650.005\*\*Model 56.1601.822--20.8270.003\*\*Model 1, unadjusted ("Loading" was the only predictor variable). Model 2, adjusted for age; model 3, adjusted for age and height; model 4, adjusted for age and weight; model 5, adjusted for age, height, and weight\*Indicates *p* value \< 0.05, \*\* indicates *p* value \< 0.01

Discussion {#Sec11}
==========

Degenerative spinal kyphosis in the elderly is a common phenomenon, with the age increasing and the stability of spine decreasing \[[@CR20]\]. Recently, there has been an increasing emphasis on the understanding of sagittal spinal alignment and many factors can influence the spino-pelvic morphology, such as age, BMD, and occupation \[[@CR6]--[@CR10], [@CR21]\]. Therefore, an excessive stress concentrated on the spine may influence the physiological curvature and bring degeneration and deformity of spine \[[@CR3], [@CR4]\]. In China, as a developing country, there is still a large group of old farmers who engaged in heavy shoulder loading work when they were young. Whether the shoulder loading in young will aggravate the spine deformity as they get older is worth investigating to prevent the spine deformity.

Summary of results {#Sec12}
------------------

Our study compared 184 farmers, who subjected their backs to \> 20 years of heavy shoulder loading, with 279 office workers who did little occupational shoulder loading. Measures of thoracolumbar kyphosis were significantly higher in the "Loading" group than in the "Non-loading" group. What is more, the effect of heavy shoulder loading on kyphosis is more notable in females than males because of the low estrogen level.

Relationship to previous study {#Sec13}
------------------------------

The deformation of bone subjected to loads is not instantaneous but varies with time \[[@CR22]\]. As suggested by Luo, deformity of vertebrae arises from an accelerated "creep" mechanism \[[@CR23], [@CR24]\], and vertebroplasty could reduce the progressive creep deformity of fracture \[[@CR25]\]. Meanwhile, O'Callaghan suggested that with the increase of vertebral trabecular bone damage substantial creep deformation may occur even when the vertebra was under physiological loads \[[@CR26]\]. Therefore, vertebrae kyphotic posture of Chinese farmers leads to anterior wedge deformity as a result of (a) fractures and (b) bone creep attributed to long-time shoulder loading.

Explanation of results {#Sec14}
----------------------

The strength of the lumbar spine is higher than that of the thoracic spine, and in the lumbar region, it is also strengthened by the paravertebral structure such as muscle \[[@CR27]\]. Therefore, thoracic spine could bear less stress than lumbar spine, and when excessive stress concentrated on the shoulders, the stress transferred from shoulder to thoracic vertebrae \[[@CR28], [@CR29]\]. If the stress is beyond the range of the spine bearing, it could lead to wedge change, instability, and cumulative injury in thoracic spine, and cause deformity at last \[[@CR29]\]. In loading group, the paravertebral muscle may be much stronger for their daily exercise by heavy shoulder loading \[[@CR30]\]. So the lumbar spine does not show significant difference in the morphology as well as the non-loading group. On the other hand, as the development of economic level and improvement of medical conditions, more and more patients seek for medical help when the symptom appears rather than bear for a long time until the severe deformity of spine or pelvis. As for the effects of nutrition and economic conditions on spinal morphology, since the data are collected in the same province, we assume the economic conditions and nutritional status of the subjects are at a close level. Meanwhile, nutritional status may also be reflected from BMI to some extent. It is certain that back pain will affect the stand position, especially the severe back pain. However, 3 months of pain may not cause significant changes in spinal morphology. When there is pain in both groups, the difference between the two groups may not be significant affected by the pain.

Weaknesses of this study {#Sec15}
------------------------

Patients were all recruited in Zhejiang province which is a developed region in China, and the natural progression of their spinal curvature may have been interrupted by recent medical and social changes. Meanwhile, the patient data came from only two hospitals and the sample size was barely adequate. Also, statistical results may have been biased by missing data, such as BMD. And due to relatively limited number of cases, it is difficult to analyze the relationship between concrete loading time and sagittal spino-pelvic morphology. Our next research plans to choose more hospital to increase the sample size and investigate the less developed provinces in central and western China. Since office works have history of long-period sitting, which could also affect the spine morphology, they may not be the best control group. Compared with long-time shoulder loading on the spine, the loads carried by the office workers are not nearly as great. However, this may still be a limitation of our study. What is more, with the increase of age, disc degeneration will inevitably occur in both groups of subjects, which may be hard to exclude.

Conclusions {#Sec16}
===========

Long-term shoulder loading in youth is a risk factor for pathological thoracic kyphosis especially in the lower thoracic spinal segments when farmers getting older.
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